The main objective of this paper is to thoroughly examine the remotely sensed wind characteristics around the coasts of Brittany as well as some more specific areas. The offshore wind power potential is then assessed. To achieve this objective, information on wind speed and direction with sufficient spatial and temporal sampling under all weather conditions and during day and night is required. This study uses more than 12 years (December 1999-December 2012) of consistent remotely sensed data retrieved from the ASCAT and QuikSCAT scatterometers to estimate the conventional moments and associated wind distribution parameters. The latter are comparable to wind observations from meteorological stations. Furthermore, combining in-situ and scatterometer wind information enables an improved assessment of the spatial and temporal wind structures at specific locations of interest to be made. The wind statistical results are used to study the spatial and temporal patterns of the wind power. Although the main parameters characterizing wind power potential such as mean, variability, maximum energy, wind speed and intra-annual exhibit seasonal features, significant inter-annual variability is also depicted. Furthermore, differences are found between the wind power estimated for northern and for southern Brittany.
Introduction
Several countries have set up ambitious programmes aiming to investigate the capability of renewable marine energy operational productions. In France, the "Grenelle de la Mer" (http://www.legrenelleenvironnement.fr/) suggests that marine energy derived from various platforms and sources would provide 3% of the total required energy and could reach a production level of 6000 MW in 2020. Such an objective requires precise knowledge of the parameters characterizing the oceanographic and atmospheric parameters at various spatial and temporal scales. In particular, it means the acquisition and analysis of a significant sample of the resource of primary interest, such as wind (speed and direction), waves (significant heights, directions, peaks, and spectra), currents and stratification (depth of the mixed layer). Precise knowledge of these parameters with high accuracy and spatial and temporal resolution is necessary for the proper design of structures and to estimate the environmental risks.
Among the sources of marine renewable energy (MRE), wind energy exploitation is growing fast. Even though wind farm installations are still costly, their developments meet the public awareness about environmental issues, and the energy produced would contribute to the regional energy supply and security. The project called "France Energies Marines" (http://www.franceenergies-marines.org/) is one the main programmes aiming to assess wind resource requirements.
Some experimental sites located off the coasts of France have been selected to achieve this. Here, the areas of interest are located offshore of Brittany in the north-west of France ( Figure 1 ). These areas are characterized by one of the most important wind energy resources in France. The dominant winds over this region are westerly winds. Furthermore, high winds reaching 50-60m/s can occur during the winter season due to westerly storms.
In this study, wind resources are mainly derived from scatterometers which provide surface wind vector information over the global oceans. Various attempts regarding the evaluation of wind energy potential for different oceanic areas based on remotely sensed data have been carried out (e.g. [1] , [2] , [3] ). To our best knowledge, there are no previous publications focusing on the analysis of wind energy potential for the coasts of Brittany based on scatterometer retrievals.
Various scatterometers can be used to assess the wind resources, such as ERS- 1 (1991 -1996) , ERS-2(1995 ERS-2( -2011 , NSCAT (1996 NSCAT ( -1997 consistency has been established in recent work [4] . Remotely-sensed wind data with a high spatial resolution of 12.5km×12.5km are available. Furthermore, coastal winds are also retrieved from ASCAT measurements.
Here, the distribution of wind resources between the near-shore and offshore regions around Brittany are evaluated using twelve years of remotely-sensed data (December 1999 -December 2012). Such a long time series is extremely valuable to assess the wind regimes and wind energy related quantities over extended oceanic areas. It is also helpful to highlight the most appropriate locations for energy production and thus for wind turbine installation.
The paper contents are as follows: in section 2 the data used, the quality checks, and the required wind corrections used in the study are described. Section 3 deals with the comparisons 4 5 between in-situ and remotely-sensed winds. The analyses of the distribution of wind and the related wind power are presented in sections 4 and 5, respectively. The conclusions are listed in section 6.
DATA

Remotely sensed data
The scatterometer principle is described in many scientific publications. Scatterometer antennae emit microwaves towards the surface, which are scattered by short sea waves (capillary/gravity waves). The latter are strongly related to changes in surface winds. Surface wind speeds and directions are available over scatterometer swaths with various orbit and spatial resolution characteristics. This study relies on winds retrieved from SeaWinds scatterometer onboard QuikSCAT satellite, and from Advanced Scatterometer (ASCAT) onboard Metop-A satellite. Readers may found complete descriptions of the two scatterometers and of the associated retrievals in [9] for QuikSCAT, and on the SAF OSI website http://www.knmi.nl/scatterometer/ for ASCAT. They provide valuable information related to instrument physics, retrieval and ambiguity removal methods, rain detection and flagging techniques, and quality control procedures. Briefly, QuikSCAT is a rotating antenna with two differently polarized emitters: the H-pol with incidence angle of 46.25° and V-pol with incidence angle of 54°. The inner beam has a swath width of about 1400km, while the outer beam swath is 1800km width. The QuikSCAT scatterometer is a Ku band radar, therefore rain has a substantial influence on its measurements. Previous studies showed that the rain impact may attenuate the scatterometer signal resulting in wind speed underestimation, or raindrop impacts may change the sea surface shape resulting in overestimation of the retrieved winds. Results from [5] indicate that rain backscatter contributes to the scatterometer signal resulting generally in wind speed overestimation; intense rain causes overestimates of 15-20 m/s for cross-track winds. So, rain attenuation dominates over rain backscatter for extreme winds.
QuikSCAT wind products include several rain flags determined from the scatterometer observations and from the collocated radiometer rain rate onboard other satellites. This study uses new 
Where the coefficients P 5 m (W AS ) are assumed to be fifth order polynomials of ASCAT wind speed.
Hereafter, ASCAT wind speed refers to W AS +dW. 
In-situ data
To assess the wind statistics calculated from remotely-sensed wind retrievals along Brittany's coasts, anemometer 10-m wind measurements are used for comparison purposes ( Figure 2 ). Indeed, they are assumed to capture fine-scale local winds that may be influenced by orography and local air-sea interaction impacts. Table 1 observation exceeding the daily mean value by a factor of three times the STD is removed as an outlier.
IN-SITU AND SCATTEROMETER WIND COMPARISONS
This study does not deal with the determination of the accuracy of scatterometer retrievals based on the use of station measurements. The main aim of the in-situ and scatterometer wind comparisons is to highlight the agreements and discrepancies between the two sources. The results are first used to support the comparisons between wind distributions determined from in-situ and from remotely-sensed data and to assess how scatterometer retrievals may represent near-shore surface winds.
Collocation procedure
Station and scatterometer wind comparisons require first the data to be collocated in space and time. Indeed, the spatial and temporal wind variability derived from in-situ and from remotelysensed data may lead to significant differences. Therefore, the collocation criteria should be defined with respect to the time and space characteristics. They are estimated based on the method of Crosby et al. [14] dealing with the determination of spatial and temporal correlation coefficients:
Where ρ² is the correlation coefficient between two vectors (time series). Wst and Wsc indicate wind speed from stations and from scatterometers, respectively. Wst(X 0 ,δt) and Wsc(X,δt)
are wind speed time series at location X(x,y) shifted δt hours from stations and from scatterometers, respectively. X 0 states for station location. Equation (2) leads to the characterization of the spatial and temporal structures, whereas equation (3) For this study only spatial and temporal separations leading to correlations exceeding 0.80 are retained. Indeed, the threshold 0.80 meets the correlation result characterizing the comparison between buoy, moored off European coasts, and scatterometer wind speeds (e.g [8] ). Following this analysis of spatial and temporal correlations, stations 07116 and 07216 are excluded and the procedure aiming to collocate in-situ and scatterometer winds is performed based on the space and time criteria of 25km and 1 hour, respectively. characterize retrieval quality based on collocated moored buoy and scatterometer winds (e.g. [8] 
Comparison results
SCATTEROMETER WIND DISTRIBUTIONS
The results provided in section above, based on analysis of time-and space-collocated data, indicate that remotely-sensed winds realistically represent local winds occurring off the coasts of Brittany. Here we focus on the determination of wind speed distributions using only scatterometer winds from the period December 1999 -December 2012.
Influence of scatterometer sampling scheme
One of the main issues is that the remotely-sensed data are only available from morning and afternoon passes: 4h-6h UTC and 17h-19h UTC for QuikSCAT; and 9h-11h UTC and 20h-22h UTC for ASCAT. Therefore, the impact of such temporal sampling schemes should be studied prior the determination of wind speed distribution from satellite observations. To achieve such objective, data from in-situ sations are used. At each station, statistical parameters such as the mean, median, STD, skewness (Skew), kurtosis (Kur), 10 (P 10 ), 90 (P 90 ), and 95 (P 95 ) percentiles are calculated based first on all valid data, and secondly on only data occurring within one hour of scatterometer overpasses ( Table 3 
Spatial wind distribution
Using 
WIND POWER
Previous results allow the determination and analysis of wind power density only estimated from scatterometer retrievals. It aims to characterize the resource availability at local scales over Brittany region.
Determination Method
The distribution of the wind power density (E) over Brittany offshore zone is determined from available winds. It may be directly estimated from time series at each grid point, based on the following formulae: (at 10°C), and W is wind speed.
Alternatively, E may be estimated based on the wind speed density probability function (pdf), using the following relationship:
where A and C are the parameters of the Weibull pdf [16] and Γ denotes the Gamma function.
The Weibull pdf of wind speed (W in m/s) is expressed as:
P(W; A, C) = (C/A)(W/A)
A is a scaling parameter expressed in m/s, and C is a dimensionless shape parameter.
P indicates the probability of wind speed occurrence. 
Several methods exist to estimate Weibull parameters
Using the above equations the Weibull parameters are determined as:
and A = μ/Γ(1/C + 1)
The Weibull parameters are estimated at each grid cell and from the available time series.
Spatial distribution of the scale parameter A is very similar to that of mean wind speed (not shown).
Its values are mainly between 7.4m/s and 9m/s. The lowest values are located near coasts, while the highest are off coast and along English Channel. Spatial distribution of sharp parameter C exhibits more variability. Indeed, the highest values, about of 2.6, are mostly found in north zone related to narrower wind speed distributions, while the lowest of 2.2 are depicted in south of Brittany region where dominant peak is not well defined as shown in Figure 6 .
To assess the accuracy of the Weibull fitting method, the mean and standard deviation of the empirical distribution (determined from observations) is compared to those estimated from the predicted distribution (eq. 4). Comparisons are performed for each grid cell using the Student's t- The Weibull pdf also provides an estimation of the most probable wind speed (eq (7)) and the wind speed generating maximum energy (eq (8)): 
Height Issue
Scatterometer retrievals are available at 10m height as equivalent neutral winds (ENWs). The overall difference between ENW and "real" (including stratification impact) winds is about 0.20m/s. Better determination and characterization of wind energy estimated from scatterometer observations requires calculations at hub height. The latter generally range between 50m and 100m above the surface of the water. Therefore, the local shear component is required to accurately estimate the winds at the height of the hub from the 10m ENW scatterometer winds.
In the atmospheric surface boundary layer (SBL), similarity theory yields the logarithmic wind speed profile at height z (e.g.
[13]): 
The calculation of W(z) from (eq. 9) or from (eq. 10) is not straightforward and requires an iterative procedure (e.g.
[13]). Furthermore, in addition to the 10m scatterometer winds, bulk variables such as sea surface temperature (SST), air temperature (AT) and relative humidity (RH) are also needed. These are obtained from the National Centers for Environmental Prediction (NCEP)
Climate Forecast System Reanalysis (CFSR) [18] . They are available over global ocean with a spatial resolution of about 38km. Only CFSR SST, AT and RH available at synoptic times 00h:00, 06h:00, 12h:00, and 18h:00 UTC are used in this study. They are interpolated in space and time over ASCAT and QuikSCAT swaths using a bilinear method.
In this study only the winds at a height of 100m are estimated using the COARE3.0 model [5] .
Spatial and temporal Characteristics
In previous sections, we clearly showed that scatterometer retrievals are accurate sources of wind information and thus a valuable resource to characterize geographical and temporal patterns of offshore wind energy along the coasts of Brittany. The spatial distributions of wind power density E determined from (eq. 5) based on 10m winds are shown in Figure 7 from the wind to allow for power production. For winds exceeding cut-off, the turbines would be shut down for self-protection.
Discrete and modeled (eq. 6) wind distributions are used to determine the percentage of winds occurring between the cut-in and cut-off limits. Both methods provide very close results. They indicate that winds are expected to fall within these limits nearly 86% of time. However this percentage has significant spatial and temporal variability. For instance, in the winter it increases to 93%, and in the summer it decreases to 79%. The related spatial distribution indicates that at nearshore locations, the percentages are slightly lower than those estimated at regional scale. They account for approximately 85%, 80%, 70%, and 82% during winter, spring, summer, and fall, respectively.
To further assess the temporal variability of E estimated at near-shore grid cells (i.e. where the distance to the shore is less than 50km), inter-annual and intra-annual time series are calculated for the period January 2000 -December 2012. For the spatial variability of E (Figure 7 ), intra-and inter-annual series are calculated for two near-shore zones located north (north Brittany) and south of 48°N28' (south Brittany). To minimize the impact of biases related to differences in sampling length and to local effects of atmosphere and ocean on winds and thus on wind power energy, the time series are normalized by long-term averages as follows:
(11) E' and E″ are intra-annual and inter annual E series. E m (m is month number) indicates monthly averaged E calculated for each calendar month of the study period. E y is yearly averaged E calculated for each year of the study period.
E is E mean value calculated from all selected data. The topic of this study is not the validation of scatterometer retrievals, however, several papers have investigated previously the accuracy of ASCAT and QuikSCAT wind speed and direction (e.g. [4] ). This study shows that scatterometer winds are in good agreement with meteorological station data in this region. For near-shore stations, the correlation between in-situ and scatterometer wind speed exceeds 0.80, which indicates the coherency of the two observation methods.
The sampling length of the scatterometer observations and the comparisons of in-situ data and retrievals presented here show that remotely-sensed data can be used to accurately characterize the wind speed distributions and thus the associated wind power energy at regional scales. However, the main limitation of scatterometer data for wind and energy distribution studies is related to the radar sampling which depends on the satellite orbit characteristics. As both ASCAT and QuikSCAT data are mainly available in the morning and evening, the data may not adequately resolve the diurnal cycle. The impact of errors due to the scatterometer sampling schemes is investigated using comparisons between wind distribution parameters estimated for each station from all valid in-situ data and from in-situ data occurring close to scatterometer overpasses. The findings show that the sampling error has a small impact on the distribution results. In fact, the two estimations of the distribution parameters are comparable at a confidence level of 95%. The second main limitation of remotely-sensed winds is that the retrievals are given as equivalent neutral winds (ENW) at 10m height. No vertical wind profile is available from scatterometer measurements. To circumvent this limitation, the estimation of wind at hub height (50m -100m) is performed using the COARE3.0 parameterization [5] . The required bulk variables are 10m winds from scatterometers, 10m air temperature, 10m specific air humidity, and sea surface temperature which were obtained from CFSR re-analyses.
The analysis methods summarized above enable the characterisations of winds and the related wind power around the coasts of Brittany coasts. The highest and lowest wind conditions are found over the north-west and south-east zones, respectively. For instance, the maximum values of the most probable wind speed are within 10m/s and 11.5m/s in the north, whereas in the south they are within 7m/s and 10m/s. Although the prevailing winds are westerly, wind directions exhibit high variability. Indeed, during winter season westerlies account only for 14% and 11% in north and south areas, respectively. For wind power evaluation purpose, the use of scatterometer winds indicate that on average 86% of data are within the cut-in and cut-off limits. However, this percentage has significant spatial and temporal variation. As expected, the wind power exhibits similar patterns to wind speed. For instance, the highest and lowest values are found in winter and summer, respectively. However, the seasonal variation is more pronounced at specific locations, such as Côtes d'Armor.
This study highlights the usefulness of the long time series of remotely-sensed winds for the evaluation and the analysis purposes of wind power off Brittany coasts. Further improvements are expected through the combination of scatterometer, in-situ, and regional numerical model data to investigate finer space and time wind scales and their impact on energy resource potential.
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